Abstract In male hamsters, exposure to a short photoperiod results in a significant decrease in median eminence (ME) dopamine (DA) concentrations. The mechanism responsible for this decrease in DA is unknown. The experiments described in this paper were designed to examine the effects of photoperiod on DA metabolism and synthesis in the ME to determine if a change in these processes is responsible for the short-photoperiod-induced decrease in ME DA concentrations. In the first experiment, the metabolism of DA in tuberoinfundibular dopamine (TIDA) neuronal terminals was determined by measuring ME concentrations of 3,4-dihydroxyphenylacetic acid (DOPAC; a major metabolite of DA) and DA in male and female hamsters housed in long and short photoperiods. In both males and females, exposure to the short photoperiod induced a collapse of the reproductive system and a reduction in circulating prolactin. In males, but not in females, exposure to the short photoperiod reduced ME DA concentrations; however, DOPAC concentrations were not affected by photoperiod. Thus, the decrease in ME DA seen in males is not the result of an increase in DA metabolism. In the second experiment, tyrosine hydroxylase (TH) activity in the ME of males was determined by injecting animals housed in long and short photoperiods with a L-aromatic amino acid decarboxylase inhibitor (NSD 1015) and measuring 3,4-dihydroxyphenylalanine (DOPA). Consistent with Experiment 1, ME DA concentrations were significantly decreased in gonadally regressed males housed in a short photoperiod; however, ME DOPA accumulation was not affected. Thus, the observed decrease in DA is not the result of a decrease in TH activity in the ME. The results of the experiments presented here indicate that (1) in males but not females, the decrease in circulating prolactin seen in animals housed in a short photoperiod for 12 weeks is associated with a decrease in ME DA concentrations, and (2) the decrease in ME DA seen in males housed in a short photoperiod is not the result of an increase in DA metabolism or a decrease in synthesis by TIDA neurons.
1975), and anestrus (Seegal and Goldman, 1975) . In addition, prolactin levels are greatly reduced in both male (Goldman et al., 1981) and female (Widmaier and Campbell, 1981) hamsters housed in a short photoperiod.
In the neural regulation of prolactin, dopamine (DA) is released into the median eminence (ME) by tuberoinfundibular dopamine (TIDA) neurons, and transported to the anterior pituitary in the hypophyseal portal blood, where it tonically inhibits the release of prolactin (for a review, see Ben-Jonathan, 1985) . High prolactin levels in turn feed back onto TIDA neurons to enhance their activity (for a review, see Moore, 1987) . Although prolactin affects TIDA neuronal activity, it does not usually affect the concentration of DA in the terminals. This is because DA synthesis and release are tightly coupled, and changes in dopaminergic neuronal activity rarely result in a change in the amount of DA stores (i.e., synthesis compensates for release; Roth et al., 1975 ; but see Demarest et al., 1984) . Because exposure to a short photoperiod has a dramatic effect on circulating prolactin levels, it is likely that it also has an effect on TIDA neuronal activity in hamsters. In fact, an increase in TIDA neuronal activity might be responsible for the reduction in prolactin concentrations.
In male hamsters, exposure to a short photoperiod for 9-12 weeks results in a decrease in whole hypothalamic (Steger et al., 1982) , medial-basal hypothalamic (Benson, 1987) , and ME (Steger et al., 1984) DA concentrations with no apparent change in the rate of release (but see &dquo;General Discussion,&dquo; below). The mechanism(s) responsible for the shortphotoperiod-induced reduction in ME DA has not been determined. However, understanding why DA concentrations are decreased, particularly in the ME, may explain why prolactin levels are also reduced. In these experiments we investigate the effects of short-photoperiod exposure on two indices of TIDA neuronal activity, DA metabolism and synthesis, in male hamsters. In the first experiment, the metabolism of DA in TIDA neuronal terminals was estimated by measuring 3,4-dihydroxyphenylacetic acid (DOPAC; a major metabolite of DA) in the ME of animals housed in either a long or a short photoperiod. Previous work in the rat (Lookingland et al., 1987) indicates that changes in TIDA neuronal activity are positively correlated with changes in ME DOPAC concentrations (see Fig. 1 ). In addition, we investigated possible gender differences in how daylength affects ME DA. Alexiuk and Vriend (1991) have reported that daily melatonin injections that produce anestrus result in a decrease in ME DA concentrations in pargyline-treated female hamsters. In the second experiment, DA synthesis was assessed by measuring the activity of the rate-limiting enzyme FIGURE 1. A schematic of a TEA neuron depicting the synthetic pathway of DA synthesis and where pharmacological agents block this pathway. aMPT, a-methyl para-tyrosine; DOPA, 3,4-dihydroxyphenylalanine ; DOPAC, 3,4-dihydroxyphenylacetic acid; DA, dopamine; LAAD, L-aromatic amino acid decarboxylase; MAO, monoamine oxidase; NSD 1015, m-hydroxy-benzyl hydrazine; TH, tyrosine hydroxylase. tyrosine hydroxylase (TH) . The conversion of 3,4-dihydroxyphenylalanine (DOPA) to DA in the ME can be blocked by inhibiting the activity of L-aromatic amino acid decarboxylase (LAAD) with a drug such as m-hydroxy-benzyl hydrazine (NSD 1015; Demarest and Moore, 1980; see Fig. 1 ). After treatment with NSD 1015, DOPA accumulation can be measured and used as an index of TH activity (Carlsson et al., 1972 (LD 6:18) . The remaining animals were housed in the long photoperiod until the end of the experiment. Vaginal secretions of intact females were checked daily for proestrous discharge. The testis width of the males was measured weekly by injecting the animals intramuscularly with ketamine (0.1 ml/100 kg body weight) and measuring the width of the right testis with calipers. The animals were housed in their respective photoperiods for approximately 12 weeks. By this time, females housed in the short photoperiod were anestrous, and the males housed in short photoperiod had regressed testes as determined by a decrease in testis width (from greater than 10 mm to less than 6 mm).
PROCEDURE
Females housed in the long photoperiod were killed on day 1 of diestrus and a proportional number of animals from the other groups were killed on the same day. Animals in both photoperiods were killed between 0800 hr and 1100 hr (i.e., between 9 and 12 hr before activity onset, as estimated according to the results of Elliott, 1976) . All animals were decapitated, the brains were removed, rapidly frozen on aluminum foil over dry ice, and stored at -70°C until sectioning. Trunk blood was collected into heparinized tubes and spun at 4,000 rpm for 30 min. The plasma was removed and frozen at -20°C until assayed for prolactin.
NEUROCHEMICAL DETERMINATION OF ME DOPAC AND DA
The animals' brains were sectioned (500 Rm) on a cryostat ( -9°C) starting at the level of the striatum (corresponding approximately to plate A2100 of the rat brain atlas; Palkovits and Brownstein, 1988) and continuing through the ME (corresponding approximately to plate P3600 of the rat brain atlas; Palkovits and Brownstein, 1988) . The ME was dissected using a modification of Palkovits's method (Palkovits, 1973 (Chapin et al., 1986) . Tissue pellets were dissolved in 0.1 N NaOH and assayed for protein with the Bradford microprotein assay (Bradford, 1976 
ANALYSES
Concentrations of ME DOPAC and DA, and plasma prolactin levels were analyzed separately in males and females using Student t-tests. Significant differences were those associated with p ~ 0.05.
RESULTS
As in previous studies (Widmaier and Campbell, 1981) , exposure to a short photoperiod resulted in a significant decrease in circulating prolactin levels in female hamsters ( Fig. 2A; t(10) = 2.17, p = 0.05). This decrease in prolactin was not associated with any change in ME DA (Fig. 2B) or DOPAC (Fig. 2C) concentrations. Therefore, these results suggest that short-photoperiod-induced anestrus and decreases in prolactin may be independent of changes in ME DA concentrations or DA metabolism.
In male hamsters, exposure to a short photoperiod also resulted in a decrease in plasma prolactin levels ( Fig. 3A ; t(12) = 2.80, p < 0.05). This decrease in prolactin was not associated with a change in ME DOPAC concentrations (Fig. 3B) , however there was a short-photoperiod-induced decrease in ME DA concentrations ( Fig. 3C ; t(12) -2.57, p < 0.05). These results indicate that the short-photoperiod-induced decrease in ME DA concentrations seen in males is not due to an increase in DA metabolism in TIDA neurons.
EXPERIMENT 2
The results of the first experiment demonstrate that in males, gonadal regression and the decrease in prolactin induced by short-photoperiod exposure are associated with low levels FIGURE 2. Plasma prolactin (ng/ml) (A), ME DOPAC (ng/mg protein) (B) , and DA (ng/mg protein) (C) concentrations in the ME of female hamsters housed in either a long (LD) of ME DA. However, the failure to see a difference in DOPAC concentrations suggests that the decrease in DA is not due to an increase in ME DA metabolism, at least when measured after 12 weeks of exposure to a short photoperiod.
In this second experiment we tested the hypothesis that the short-photoperiod-induced decrease in ME DA concentrations is due to a decrease in TH activity in TIDA neurons in male hamsters. To assess TH activity (Experiment 2B; see below), NSD 1015 was injected into animals, and DOPA accumulation was measured in the ME 30 min later (Demarest and Moore, 1980) . If the above hypothesis is correct, males housed in a short photoperiod should have lower DOPA concentrations in the ME after NSD 1015 injection than longphotoperiod animals.
In rats, ME DOPA accumulates in a linear fashion for at least 30 min after an injection of NSD 1015 (Demarest and Moore, 1980) . In hamsters, a dose of 100 mg/kg body weight of NSD 1015 results in a linear accumulation of 5-hydroxytryptamine (5-HTP; the precursor of serotonin) between 0 and 40 min in the ME (Steger et al., 1990) ; however, there is no known time course for DOPA accumulation in this brain region in hamsters. In part A of FIGURE 3. Plasma prolactin (ng/ml) (A), ME DOPAC (ng/mg protein) (B) , and DA (ng/mg protein) (C) concentrations in male hamsters housed in either a long (LD) 
PROCEDURE
On the day of the experiment, the animals were injected with NSD 1015 (100 mg/kg) 15, 30, 45, or 60 min before decapitation (10 animals per group). Another group of animals (zero-time controls) was injected with saline 60 min prior to decapitation. All animals were killed between 0800 hr and 1100 hr (i.e., between 9 and 12 hours before activity onset). After decapitation the ME was dissected from 500-wm frozen section as described in Experiment 1.
NEUROCHEMICAL ESTIMATES AND ANALYSIS
DOPA accumulation in the ME was measured by HPLC-ED using the same method used for assessing DOPAC and DA concentrations in Experiment 1. The increase in DOPA accumulation in the ME after NSD 1015 injection was plotted (the concentration of DOPA in the ME vs. time) in order to determine the time period over which the increase in DOPA was linear. The measurement of DOPA concentrations is most accurate on the linear portion of the curve (Carlsson et al., 1972) .
RESULTS: EXPERIMENT 2A
DOPA accumulation in the ME over time is illustrated in Figure 4 . DOPA accumulation was linear between 0 and 45 min. Therefore, in part B of this experiment, DOPA accumulation was measured 30 min after the injection of NSD 1015.
METHODS: EXPERIMENT 2B
ANIMALS Eighteen adult male Syrian hamsters obtained from The Charles River Laboratories (Kings, NY) were used in this study. All animals were housed in a long photoperiod (lights-on at 0400 hr, lights-off at 2000 hr) for 1 week to acclimate them to the laboratory. After the first week, half of the animals (n = 9) were placed in a short photoperiod (lights-on at 0800 hr, lights-off at 1400 hr). The other half of the animals remained in the long photoperiod. As in Experiment 1, the testis width of males was measured weekly. The animals were housed in the respective photoperiod until all the males housed in short photoperiod had undergone testicular regression (12 weeks).
PROCEDURE
On the day of the experiment, all of the animals were injected intraperitoneally with NSD 1015 (100 mg/kg body weight) 30 min before decapitation. The animals were killed between FIGURE 4. The time course of DOPA accumulation (ng/mg protein) in the ME of male hamsters treated with NSD 1015. Values depict the mean ± SEM. 0800 hr and 100 hr, 9-12 hr before the expected onset of activity. The brains were removed, rapidly frozen on dry ice over aluminum foil, and stored at -70°C until sectioning. Sectioning and the dissection of the ME were performed as is described in Experiment 1.
NEUROCHEMICAL DETERMINATION OF DOPA ACCUMULATION
The method used to measure DOPA accumulation in the ME was identical to that used for measuring DOPAC and DA in Experiment 2A. Data on ME DOPA accumulation and DA concentrations were analyzed using Student t-tests. Differences were considered significant if p ; 0.05.
RESULTS: EXPERIMENT 2B
As in the first experiment, exposure to a short photoperiod resulted in a decrease in ME DA concentrations ( Fig. 5B ; t(15) = 2.65, p < 0.05). However, ME DOPA accumulation was not affected by changes in photoperiod (Fig. 5A) . These results indicate that the shortphotoperiod-induced decrease in ME DA is not the result of a decrease in TH activity. This finding, together with the results of the first experiment, indicates that DA metabolism and TH activity in TIDA neurons are not altered in animals housed in a short photoperiod for 12 weeks.
GENERAL DISCUSSION
In the male hamster, exposure to a short photoperiod results in a decrease in circulating prolactin levels (Goldman et al., 1981) and ME DA concentrations (Steger et al., 1984) . (Demarest et al., 1984) . The rate of DA release has been determined in male hamsters housed in long and short photoperiods by injecting them with a-methyl para-tyrosine (aMPT; a tyrosine hydroxylase inhibitor; see Fig. 1 ) and measuring the decline in ME DA concentrations from the time of injection to 60 min after injection. The slope of the linear decline in DA is referred to as the rate constant of decline, and is the recommended index of dopaminergic activity when the initial concentrations of DA are different across groups (Brodie et al., 1966) . Steger et al. (1984) found that the low concentration of DA seen in the ME of shortphotoperiod males was not associated with an increase in the rate constant of decline (i.e., there was no evidence of an increase in DA release). This suggests that the decrease in ME DA seen in males after 9-12 weeks of exposure to a short photoperiod is probably not the result of an increase in DA release from TIDA neurons. However, because this experiment (Steger et al., 1984) Alexiuk and Vriend (1991) , which showed that low prolactin levels in females treated with melatonin and pargyline are associated with a decrease in ME DA concentrations. However, in that experiment, the same melatonin treatment had only a minor effect on ME DA concentrations in females that were not treated with pargyline. This melatonin treatment, on the other hand, resulted in a marked reduction in circulating prolactin concentrations. Thus, it remains possible that there are sex differences in how prolactin and TIDA neurons interact in hamsters housed in a short photoperiod or treated with melatonin. It should be noted, however, that apparent sex differences may be due to differences in rate of reproductivesystem recrudescence between the sexes. In male hamsters, hypothalamic DA concentrations return to long-photoperiod levels prior to gonadal recrudescence (Steger et al., 1982) . Therefore, in Experiment 1, if females began to recrudesce earlier than males, then the observed sex difference may be restricted to that particular sampling time. Time course experiments, comparing the effects of short-photoperiod exposure on prolactin levels and ME DA and DOPAC concentrations in males and females, are needed before we can further evaluate the nature of sex differences in the photoperiodic control of TIDA neurons.
In summary, these experiments replicate previous work (Steger et al., 1984) that shows that ME DA concentrations are decreased in male hamsters housed in a short photoperiod. Furthermore, our results indicate that this short-photoperiod-induced decrease in ME DA concentrations is not due to an increase in DA metabolism or a decrease in TH activity in TIDA neurons.
